This paper introduces a generalized money (M2) multiplier formula to the literature for a monetary system with Reserve Option Mechanism (ROM).
I. Introduction
Capital flows, measured by percentage share of GDP, to emerging markets and majority of developing economies have increased more than twofold on average during the five years preceding global financial crisis of 2007-08 (Gallagher & Tian, 2014) imbalances and hence it promises to be a potentially useful reserve requirement policy instrument for macroeconomic and financial stability (Alper, Kara, & Yorukoglu, 2013) .
In this paper, we study the behavior of money multiplier in a monetary system where Reserve Option Mechanism is effectively used as a policy instrument. To this end, we analytically derive a generalized money (M2) multiplier formulae and assess the impact of Reserve Option Mechanism on the multiplier and its components. Using Turkish data, we show that money (M2) multiplier increased in a stepwise fashion due to introduction of ROM. We discuss how the rise in the value of the multiplier reinforces the role of ROM as an automatic stabilizing policy tool. In addition, we study seasonal patterns and stability of money (M2) multiplier and its components. We report that seasonal patterns of money (M2) multiplier has changed and money (M2) multiplier became significantly less volatile with the inception of ROM facility to the monetary system. Reserve Option Mechanism (ROM) consists two principal elements: reserve option ratio (ROR) and reserve option coefficients (ROCs) which are both set by the central bank. The upper limit for the proportion of domestic currency required reserves that is allowed to be held in foreign currency (FX) and gold is governed by reserve option ratio (ROR). The amount of FX and gold that can be held against per domestic currency required reserves is called the reserve option coefficient (ROC). Our focus in this research is on FX option of ROM due to the fact that Turkish banking sector has been utilizing FX option under ROM intensively as depicted by [30] [31] [32] [33] [34] [35] [35] [36] [37] [38] [39] [40] [40] [41] [42] [43] [44] [45] [45] [46] [47] [48] [49] [50] [50] [51] [52] [53] [54] [55] [55] [56] [57] [58] [59] [60] 3.50, 3.70, 3.90, and 4 .10 located at the top right corner of the diagram correspond the tranches of 55-56, 56-57, 57-58, 58-59, and 59-60 
II. Literature Review
There is a long and established literature on money multiplier that links reserve money to supply of broad money. In this tradition, monetary base is viewed as an important monetary policy instrument through which central banks control the money supply. In modern economics, though, the use official interest rates is considered as the main The model in Section IV shows that threshold reserve options coefficients depend on spot exchange rates. To configure these relationship, we use daily nominal spot exchange rate (domestic currency per USD) to obtain 14-day simple averages and monthly rates 4 . The correlation coefficient between realized average FX reserve option coefficients (ROCs) and nominal spot exchange rates is about +0.75 as illustrated by Figure 4 .
IV. The model
The existing literature links money supply to monetary base through money multiplier . This relationship is usually depicted as following.
The total amount of reserves in the banking system equals to the sum of total required reserves and excess reserves i.e.
where and stand for required and excess reserves held by bank at time period .
According to this formulation banks operate in the banking sector.
Assume reserve requirement ratio on domestic currency checkable deposits is 1 and on time deposits is 2 where 2 < 1 < 1. Note that how much domestic currency checkable vs. time deposits to be held by public at commercial banks and other depository institutions would depend on market interest rate . We assume the public hold a fraction of its domestic currency checkable deposits as time deposits i.e.
and the public tend to utilize domestic currency time deposits more as market interest rises i.e. ′ ( ) > 0. Hence, in a monetary system without 4
The liabilities subject to reserve requirements are calculated on Friday every two weeks in Turkish banking sector i.e. biweekly required reserves maintenance period applies.
Reserve Options Mechanism (ROM), total required reserves (in terms of domestic currency) in the banking system equals to
Suppose banks hold 1 ( ) portion of checkable deposits and 2 ( ) portion of time deposits as excess reserves. We assume precautionary demand for excess reserves for checkable deposits is greater than that of time deposits i.e. 2 ( ) < 1 ( ). Since excess reserves don't earn any interest, excess reserve demand for any given level of checkable and time deposits is negatively related to market interest rates 1 ′ ( ) < 0, 2 ′ ( ) < 0. Hence, the total excess reserves in the banking system is given by
Putting equations (2) and (3) give total reserves (in domestic currency equivalent units) in the banking system as described in equation 4 below.
In a monetary system with Reserve Option Mechanism the banks are allowed to keep up to reserve option ratio (ROR) of their domestic currency required reserves in foreign exchange (FX) and/or gold. Hence, total required reserves held by the banks wishing to utilize the ROM facility can be written as
In equation 5, the first term stands for the total required reserves held in domestic currency whereas the second term shows the total foreign currency or gold held by the banks against domestic currency required reserves (in domestic currency equivalent units). According to this formulation stands for utilization rate of ROM by bank at time period , and ( ) is the corresponding reserve option coefficient as set by the Central Bank. Any bank deciding on at any time period automatically determines which trench of it must use. This formulation assumes ≤ banks utilize ROM facility in the banking sector.
Using equation 5 along with equations 3 and 4 give us total reserves at time period in a monetary system with as described by equation 6.
In equation 6, the first term inside large parentheses and the second term inside large curly bracket stand for reserves held in domestic currency and reserves held in foreign currency (in domestic currency equivalent units). According to equation 6, banks utilize ROM facility whereas − banks don't. Because the monetary base equals to the sum of total domestic currency reserves and currency in circulation , we generate equation 7 linking the monetary base to checkable deposits and currency in circulation by dropping the term inside large curly bracket in equation 6 to obtain:
where we assume non-bank public holds fraction of the total amount of checkable deposits as currency i.e. = × ∑ = =1
.
Inserting equation 7 into equation 1 yields equation 8 linking money supply to checkable deposits via money (M2) multiplier in a monetary system where ROM facility is in use.
Following the standard definition, money supply (M2) is a broad money measure comprising domestic currency in circulation, checkable and time deposits (excluding foreign currency deposits) held by the public at commercial banks and other depository institutions. According to this definition money (M2) supply can be written as following.
Inserting equation 9 into 8 and solving for 2, produces money (M2) multiplier under ROM as summarized by equation 10.
According to equation 10, money (M2) multiplier under ROM is a function of the currency ratio and ( ) chosen by depositors, the excess reserve ratio 1 ( ) + option mechanism optimized by the banks, and, finally, the required reserve ratios 1 and 2 set by the monetary authority 5 . Note that money (M2) multiplier under ROM turns into a standard money (M2) multiplier 2 as in Goodfriend, 1982 given in equation 11 in the absence of ROM facility (i.e. = 0 ∀ ) and/or when no bank utilizes ROM facility (i.e. = 0).
It is straightforward to show that money (M2) multiplier under ROM 2, is at least as large as the standard money multiplier 2, in the absence of ROM facility due to the
≥ 0, 1 >, 2 > 0 and ( ) > 0.
According to equation 10, calculating M2 multiplier requires ROM facility utilization rates at bank level. Since banks' may consider ROM utilization rates as commercial secret, such bank level data is not publically available. However, this doesn't mean the formulae in equation 10 can't be evaluated. Suppose there is at least a bank utilizing the ROM facility (i.e. > 0), and the utilization rate of ROM by banks is common at any time period (i.e. = > 0 ∀ = 1, 2, … ). Then, the M2 multiplier under ROM turns into formulae as in equation 12.
2,
where is the share of total domestic currency checkable deposits at the banks utilizing the ROM facility at time period i.e. = formulation, ceteris paribus, the higher the share of domestic currency checkable deposits (or required reserves to be maintained) at the banks utilizing the ROM facility (higher ), the larger the M2 multiplier. The rationale behind this finding is simple. When rises it is more costly to find domestic currency funding than FX funding and therefore banks start utilizing the ROM facility more intensely (given that the bank is not already utilizing the ROM facility fully) i.e. rises when rises and this would lead to an increase in threshold reserve option coefficient and finally the utilization rate rises since reserve option ratio and reserve option coefficient are positively related.
According to equations 10 and 11, money (M2) multiplier in a monetary system with ROM is more sensitive to the domestic market interest rate changes as shown by equations A4 and A4 in Appendix II.
V. Empirical analysis and results
We first calculate M2 multiplier using Turkish data from Dec. respectively. The rates were re-adjusted again in Oct. 2011 where required reserves ratios were set to about 11 percent. Figure 6 shows the time path of required reserve ratios on checkable and time deposits. The sharp drop in M2 multiplier during Dec. 2010 to Sept. 2011 is mainly reflected by step increase in the reserve requirement ratios as indicated in Figure 6 . Subsequently, 
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Abrupt changes in required reserves, on the other hand, reflect pure updates in the reserve requirement ratios as discussed above.
The evolution of required and excess reserves series can be characterized by two distinct phases. Trend estimate for required reserves rises from -0.14 to 1.61, whereas excess reserves ratios decreases from -0. Notes: ^ refers to month-to-month percentage change as calculated by taking the first log difference of the variables.
Confirming the graphical evidence indicated in Figure 5 , Table 2 The right hand panel in Table 2 give variance and covariance estimates to study short-run dynamics in monetary aggregates and the M2 multiplier. First, no matter the size of the sample, the variance of M2 is lower than that of indicating M2 being more stable than is monetary base in the short-run. According to Table 2, Currency in circulation ratio falls sharply in February, June, and December while it rises significantly in August, October, and November as indicated in Figure 8B .
The substantial increase in cash holdings relative to deposits in August seem to reflects crop purchases and harvest season. Required reserves ratio rise significantly in January and February and towards the end of the year while it drops abruptly during the MarchJuly period. A closer look at the seasonal behavior of M2 multiplier in Figure 8A and that of required reserves in Figure 8B reveals significant seasonal comovement between the two series. In contrast, Figure 8B provide evidence that excess reserves ratio behave with strong opposite seasonal pattern compared to required reserves ratio. 
VI. Conclusion
In this paper, our objective was to study Reserve Option Mechanism (ROM), a recently introduced macroprudential monetary policy instrument, and its impact on the behavior of money multiplier. To this end, we analytically derive a generalized money (M2) multiplier under ROM and assess size, stability and seasonal properties quantitatively.
Our case study is Turkish economy where we use monthly data during the decade 2005 to 2015. We report one time significant rise in the size of money multiplier and slight upward adjustment in the long run trend component of the multiplier due to adoption of ROM. Moreover, empirical evidence suggests substantial change in the seasonal behavior of the multiplier, cash ratio, required and excess reserves with ROM. We report money multiplier is strongly seasonal along with significant readjustment within year movements in the multiplier under a monetary system with ROM. Strong seasonal movements in required and excess reserves, the components of money multiplier, prove to be the underlying forces behind strong seasonal behavioral changes in the money multiplier. We show that money multiplier is substantially less volatile in a monetary system with ROM. We discuss the stabilizing impact of Reserve Option Mechanism in the foreign exchange market via adjustments in money multiplier responding to banks' managerial decisions over required reserves. The actual mechanism through which the introduced money multiplier under ROM reduces the size of variations in the foreign exchange market remain an open question for future studies.
VIII. Appendix
Appendix I: Data According to equations 10 and 11, M2 multiplier in a monetary system with ROM facility is more sensitive to the domestic market interest rate changes i.e. 
